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The overall objective of this study was to identify trends of sediment nutrients and
benthic macro-invertebrates in recreational fishing ponds. The Ekman dredge and the
Yabby pump, also were compared for benthic macro-invertebrate sampling effectiveness.
Large ranges in the coefficient of variation for Pw (52 – 123.9), C:N (13.4 – 124), density
(61.5 – 98.5), and diversity (67 – 142) indicated significant spatial variability within and
among ponds. Invertebrate familial diversity was the only variable that did not show any
significant temporal variation (H = 4.31, P = 0.230). Results from the gear comparison
indicated no differences between the Ekman dredge and Yabby pump (3 pulls); however,
showed the Ekman dredge was more effective than the Yabby pump (12 pulls) (Z = 1.796, P = 0.073) indicating potential gear saturation. Although these data supported no
discernable patterns between sediment nutrients and macro-invertebrates, it provided an
opportunity to detail an operational framework for future studies.
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CHAPTER I
INTRODUCTION

Recreational fishing in ponds is a popular pastime in the United States. Private
stakeholders, along with state and federal agency fishery managers, often aim to increase
productivity of their lakes and ponds to enhance this recreation. One of the procedures for
attaining maximum fish production is application of inorganic fertilizers (Zeller 1953).
Fertilization increases phytoplankton production, which in turn increases zooplankton
biomass, artificially enhancing resource availability. Using fertilizers to increase
productivity of fish in ponds has become widespread in the southeastern United States
(Smith and Swingle 1940). Influence of fertilization on changes in sediment nutrients,
however, has not been thoroughly investigated.
It is still debated whether the primary control of small impounded aquatic
systems is by autotrophic production (bottom-up) or predators (top-down) (Power 1992).
According to the bottom-up paradigm, organisms on each trophic level are food limited.
The top-down paradigm holds that only organisms at the top of the food chain are food
limited (Bowlby and Roff 1986). This paradigm also adheres to the perspective that fish,
as primary consumers, exert the main influence on patterns and processes of the aquatic
system. It has been shown however, that physical characteristics and water chemistry
also influence aquatic system productivity (Polisini et al. 1970; Cole 1975; Dobbins and
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Boyd 1976; Boyd 1990; Yoo and Boyd 1994; Boyd and Tucker 1998; Tomcko and Pierce
2001) through bottom-up control. Variables such as sediment nutrients and benthic
macro-invertebrate communities could play important and dominant roles in aiding
bottom-up productivity within the system. Previous studies have linked fish production
and yield to total phosphorus levels in water (Hansen and Leggett 1982). Other studies
have directly concentrated on fish relationships to lake morphometry and water quality
(Snow and Staggs 1994; Tomcko and Pierce 2001; Paukert and Willis 2002; Tomcko and
Pierce 2005; Schultz et al. 2008). Few studies, however, have looked at how nutrient
concentrations in sediments potentially contribute to intermediate trophic levels (i.e.,
macro-invertebrates) within an aquatic ecosystem (Cole 1975; Nalepa and Quigley 1980;
Boyd 1990; Quamme and Slaney 2003).
Nutrients enter pond ecosystems via runoff (organic wastes and inorganic
fertilizers), geological processes in pond sediments, groundwater discharge, and
atmospheric deposition (Shields et al. 2009). Furthermore, low-level nutrient additions to
ponds (i.e., fertilization) is a technique that has been investigated by fisheries researchers
as a means to restore and enhance fish populations (Smith and Swingle 1940; Swingle
1950; Dobbins and Boyd 1976; Yamada 1986; Johnston et al. 1990). Biomass of benthic
macro-invertebrates also may be increased by additions of inorganic phosphorus and
nitrogen through increases in autotrophic production, increased detritus, and microbial
metabolism (Quamme and Slaney 2003). An increase in benthic macro-invertebrate
biomass provides more prey for fish, making production of benthic macro-invertebrates
an important consideration in recreational fishing ponds. In recent decades, there has
been an emphasis on macro-invertebrates regarding their aquatic habitats (Merritt and
2

Cummins 1984). Although nutrients such as phosphorus and nitrogen do not directly
affect macro-invertebrates, they can be indirectly related to dynamics of macroinvertebrate assemblages by stimulating growth of aquatic macrophytes and enhancing
detritus accumulation (Voshell 2002). Nitrogen and phosphorus augmentation can
increase biomass of benthic algae (Bothwell 1989) and microbial growth (Peterson et al.
2001), providing high quality food for many aquatic invertebrate grazers (Lamberti and
Moore 1984). Invertebrate prey density usually increases with macrophyte density
(Schramm et al. 1987).
Freshwater macro-invertebrates play important roles in communities and
ecosystems where they serve as prey for other organisms, especially fish (Voshell 2002).
Bluegill (Lepomis macrochirus), for example, consume zooplankton when they are young
but switch to aquatic macro-invertebrates as they mature (Harlan and Speaker 1987;
Spotte 2007). Species such as smallmouth bass (Micropterus dolomieui), yellow perch
(Perca flavescens), redear sunfish (Lepomis microlophus), and channel catfish (Ictalurus
punctatus) rely substantially on aquatic macro-invertebrates throughout their life stages
(Clady 1974), whereas largemouth bass (Micropterus salmoides) utilize macroinvertebrates in their early life stages (Harlan and Speaker 1987; Willis et al. 1990; Ross
2001).
The main goal of this study was to identify spatial and temporal trends of
sediment nutrient concentrations and benthic macro-invertebrate communities in
recreational fishing ponds in the southeastern United States. These relationships are
important to guide studies of fertilization that aim to restore or enhance fish populations
(Ashley and Slaney 1997). The present study was designed to improve understanding of
3

aquatic patterns and processes in freshwater systems as related to within and among pond
variability and temporal heterogeneity of sediment nutrients and benthic macroinvertebrates. Another goal of this study was to compare two sampling gears to quantify
efficiencies in sampling benthic macro-invertebrates within shallow littoral zones (< 1 m
depth) in recreational fishing ponds. The evaluation and comparison of sampling
techniques will help improve benthic macro-invertebrate field sampling efficiency and
may provide a novel and simplified approach to invertebrate sampling as it compares
traditional and non-traditional gears.

Objectives
Objective 1
Identify spatial and temporal trends of sediment nutrient (phosphorus, carbon, and
nitrogen) concentrations and benthic macro-invertebrate communities in recreational
fishing ponds.
Objective 2
Compare two sampling gears (Ekman dredge and Yabby pump) to quantify efficiencies
in sampling benthic macro-invertebrates within shallow littoral zones (< 1 m depth) in
recreational fishing ponds.
For these objectives, I predicted that sediment nutrient concentrations and benthic
macro-invertebrate communities would show spatial and temporal trends within and
among ponds. Furthermore, I expected that the Ekman dredge would be a more efficient
sampling tool for benthic macro-invertebrates than the Yabby pump.
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CHAPTER II
SPATIAL AND TEMPORAL VARIATION AMONG SEDIMENT NUTRIENTS AND
BENTHIC MACRO-INVERTEBRATES IN RECREATIONAL FISHING PONDS

Introduction
Nutrient availability influences pond community and ecosystem dynamics (Huxel
et al. 2004). Ponds are important collection basins within catchments for transported
nutrients and sediments, especially from runoff (Knutson et al. 2004). Spatial and
temporal patterns of biogeochemical pathways of nutrients have the potential to
determine the overall productivity of the ecosystem. These pathways predominantly
occur at the sediment-water interface, along with macrophyte uptake and microbial
assimilation (Cadenasso et al. 2004). Processes at the sediment-water interface can
strongly impact water quality and should be considered when managing recreational
fishing ponds (Boyd 1995).
Understanding the many effects water quality has on a freshwater system is
essential for proper management. Lake productivity is influenced by water chemistry and
physical characteristics (Polisini et al. 1970; Cole 1975; Dobbins and Boyd 1976; Boyd
1990; Tomcko and Pierce 2001), and additional variables such as sediment nutrients and
benthic macro-invertebrate densities could play important roles in controlling bottom-up
productivity within ponds (McDonnell et al. 2011). The quantity of these nutrients
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depends highly on benthic substrate, which makes the study of sediments imperative
(Oldfield 1977; Boyd 1995).
Freshwater recreational fishing ponds are often purposefully manipulated through
anthropogenic inputs of fertilizers to increase fish production. Two such nutrients are
phosphorus (P) and nitrogen. Phosphorus fertilizers, for instance, are used commonly to
stimulate phytoplankton production in ponds (Geiger 1983; McCarty et al. 1986; Young
and Flickinger 1989), especially in the southeastern United States. Phosphorus (P) is a
limiting factor of productivity in freshwater aquatic systems because it is easily rendered
unavailable by cation exchange with sediment (Boyd 1990) and assimilation by
macrophytes. For these reasons, sediments are usually more P rich than the overlying
water column. When nitrogen (N) is added to a system, it is either denitrified or
assimilated by macrophytes, which later senesce, adding N to the sediments in an organic
form (Boyd 1979). Although moderate nutrient levels stimulate productivity, excess N
and P concentrations can result in excessive and/or undesirable algal growth (Yuan
2010), enhancing eutrophication.
Although the correlation between pond fertility and soil characteristics
(percentages of sand, silt, and clay) has been known for some time, few studies have
examined the relationship between sediment nutrient concentrations and benthic macroinvertebrate characteristics (Quinn et al. 1997; Heino et al. 2003; Cross et al. 2006).
Benthic macro-invertebrates are an ecologically important component to the productivity
of freshwater systems and aid with organic matter decomposition and nutrient cycling via
bioturbation, thus making sediment nutrients bioavailable to higher level organisms
(White 1986). Quantifying the heterogeneous spatial and temporal patterns between
9

sediment nutrients and macro-invertebrates in ponds would provide valuable insight into
the management of these ecosystems, particularly in improving fertilization programs for
target nutrient concentrations (Dodds and Welch 2000; Yuan 2010). Biotic processes in
ponds may operate simultaneously (Palmer and Poff 1997), making sediment nutrient and
macro-invertebrate relationships difficult to measure. The objective of the current study
aimed to identify trends in sediment nutrients and benthic macro-invertebrates within and
among recreational fishing ponds. The prediction for this objective was that sediment
nutrient concentrations and benthic macro-invertebrates would show spatial and temporal
trends within and among recreational fishing ponds.

Methods
Eight ponds were evaluated quarterly in 2010. Ponds ranged from 4 to 19 years in
age and from 0.5 to 3.2 ha in surface area (Table 2.1). All ponds were located within a
40 km radius of Starkville, Mississippi (MS), USA (33°27’45”N 88°49’12”W).
Sediment and invertebrate samples were collected in each of the 8 ponds seasonally (i.e.,
within January, April, July, and October). A sediment and invertebrate sample was taken
at every 100 m point along the shoreline, approximately 1 meter from shore in < 1 meter
water depth. Sediment and invertebrates were sampled using an Ekman dredge, with a
volume of 3,500 cm3 and a surface area of 232 cm2.

Sediment Sampling and Analysis
Sediment samples were analyzed for immediately bioavailable phosphorus (Pw),
N, and carbon (C). All sediment samples were sieved (80 µm mesh) in the field, placed
10

into a 237 ml polyethylene specimen storage container (Fisher Brand™), and returned to
the Water Quality Laboratory at Mississippi State University on ice and frozen (-2.8°C)
prior to analysis.
Prior to C and N nutrient analysis, sediment samples were dried in an oven at
40.5˚C (negligible N volatilization) for 24 hours. Once dried, samples were ground to <
2 mm in particle size, and a sample of 5 ± 0.1g was placed into a 50 ml centrifuge tube
for analysis. Samples were analyzed for C, N, and C:N at the United States Department
of Agriculture – Agriculture Research Service, Oxford, MS, using a Vario Max Carbon,
Nitrogen and Sulfur (CNS) instrument from Elementar Analysensysteme GmbH (Hanau,
Germany) in CN mode with precise (≤ 0.5%) relative measurement of standards. The
CNS instrument uses a thermal conductivity detector for measurements following
tungsten catalytic tube combustion of samples and separation of gases to acquire desired
components (C and N).
Bioavailable phosphorus sediment concentrations were analyzed immediately
using water extractable phosphorus (Pw) analysis. Water extractable phosphorus analysis
was based on previous methods in the literature (Murphy and Riley 1962; Sissingh 1971;
Paulter and Sims 2000) and represents the immediately bioavailable monomeric
orthophosphate that is loosely bound to the sediment. Prior to Pw analysis sediments
were oven-dried at 40.5˚C for 24 h (Sissingh 1971). A 0.83 ± 0.02 g subsample of
sediment along with 2 ml of deionized water was placed into a 50 ml centrifuge
container, shaken for 2 min, and left for 24 h. After 24 h, 46 ml of deionized water was
added to the sample to standardize the sediment to solution ratio at 1:40. The sample was
then shaken vigorously for 1 h at 120 rpm on a reciprocal shaker. Upon completion, the
11

sample was centrifuged at 1500 rpm for 10 minutes and an aliquot of 10 ml was used for
colorimetric molybdenum blue P determination. Reactive phosphorus (ascorbic acid)
method #8048 (Hach 2008) was calorimetrically determined on a DR 5000
spectrophotometer (Hach 2008).

Invertebrate Sampling and Analysis
Invertebrates were collected using an Ekman dredge. After each dredge, the
sample was sieved (80 µm mesh) in the field. The remaining invertebrate sample was
placed into a 3.8- L lockable plastic bag and preserved in 70% ethanol. Samples were
analyzed in the lab using a Stereomaster dissecting microscope at 10X magnification.
Invertebrates were counted, then identified to the order or family levels using an aquatic
insect dichotomous key (Appendix A) (Merritt et al. 2008). Familial diversity was
calculated using the Shannon-Wiener index (Aday et al. 2003) using the following
equation:

H’ = Diversity
pi= Relative abundance of families

Statistical Analysis
For statistical analysis of invertebrate density, familial diversity, Pw concentration,
and the C:N ratio, normal probability plots along with Shapiro-Wilk W statistics (PROC
UNIVARIATE) (SAS Institute 2008) were used to test for normality. Some variables
12

differed significantly from the pattern expected, therefore violating the assumptions of
normality. One-way ANOVAs (PROC GLM) and Kruskal-Wallis analysis (PROC
NPAR1WAY) were used to test for temporal differences within and among ponds for
each variable. Significance was set a priori with α = 0.10. The coefficient of variation
(CV) for each variable and each pond were used to assess spatial variability within and
among ponds (Table 2.2). The assumption of CV was that a greater CV indicated greater
spatial heterogeneity within ponds. The ranges of CVs between ponds expressed among
– pond variability. A multiple linear regression (PROC REG) was used to assess the
effects of age (years) and area (ha) on invertebrate density, familial diversity, C:N, and
Pw concentrations. Age (< 10 years, > 10 years) and area (< 2 ha, > 2 ha) were each
divided by the medians into two sub-classes to increase statistical power. A Spearman
correlation analysis (PROC CORR) (SAS Institute 2008) also was developed to observe
possible correlations between each variable (invertebrate density, familial diversity, P w
concentrations, and C:N ratios) by season, pond age (years), and pond area (ha).
Results
Invertebrate Density and Familial Diversity
Seasonal trends in invertebrate densities were observed (H = 19.39, P < 0.001).
Fall (mean = 364.9 m-2) had significantly more invertebrates than winter (mean = 314.5
m-2) and spring (mean = 180.3 m-2). Spring was the only season that did not show
significant variation among ponds and usually contained the least mean invertebrate
density compared to other seasons (Appendix A). The most variation in invertebrate
density (H = 25.97, P < 0.001) occurred in the summer, followed by winter (H = 21.81, P
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= 0.003). Shaw Pond, had the greatest mean invertebrate density overall (mean = 501.3
m-2). It is one of the smaller (1.7 ha) and younger (4 years) ponds sampled. The large
coefficients of variation (61.5 – 98.5) indicated spatial variability within ponds (Table
2.2), as well as a potential lack of appropriate sample size. Neither pond area nor pond
age had a significant effect on invertebrate density (Figure 2.1).
Familial diversity (H’) did not differ significantly among seasons (H = 4.31, P =
0.230). There were no significant differences in diversity with respect to pond age or
pond area (Figure 2.2).

Immediately Bioavailable Phosphorus (Pw)
Immediately bioavailable phosphorus (Pw) concentrations differed significantly
among seasons (H = 34.42, P < 0.001). Concentrations were greatest in fall (median =
130 mg g-1) and least in spring (median = 36 mg g-1). An overall comparison of Pw
among all ponds (seasons combined) also yielded significant differences (H = 23.13, P =
0.002) (Appendix B). There were no significant trends between Pw and pond size and
pond age (Figure 2.3). Neither pond age, nor pond area influenced Pw concentrations
according to a multiple linear regression. Large ranges in the coefficient of variation (52
– 123.9) suggest high variability in Pw within and among ponds (Table 2.2).

Carbon: Nitrogen Ratio
The C:N ratio showed significant seasonal variation (H = 33.685, P < 0.001). Fall
and spring had greater C:N ratios than summer and winter. There were no statistical
differences between spring and fall (H = 0.55, P = 0.46). When median values were
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compared, spring was the greatest (median = 16.95) and summer was the least (median =
13.65). Except for one pond, C:N consistently increased from summer to fall among all
ponds as the fall bloom developed (Appendix B). There were no significant trends
between C:N and pond size and pond age (Figure 2.4). Shaw Pond, contained the
greatest mean C:N ratio (mean = 37.8) among all ponds. The large range (13.4 – 124) in
the CV indicated variability in C:N ratios within and among ponds (Table 2.2). Results
from a multiple linear regression revealed that neither pond age, nor pond area had
significant influence on the C:N ratio; however, the greater C:N ratios were in younger
and smaller ponds.

Invertebrate and Nutrient Patterns
There was a significant correlation between overall Pw concentrations and
invertebrate densities (R = 0.148, P = 0.049), but there were no seasonal correlations.
Conversely, C:N displayed no overall correlation with invertebrate densities (R = 0.055,
P = 0.760); however, C:N was correlated significantly with invertebrate density in fall (R
= 0.249, P = 0.053). Familial diversity showed a moderately significant correlation with
invertebrate density overall (R = 0.128; P = 0.104). No correlations were detected
between Pw and C:N (R = -0.052, P = 0.497), Pw and familial diversity (R = -0.016, P =
0.836), or familial diversity and C:N (R = -0.045, P = 0.567), overall or by season.
Discussion
Spatial and temporal variability of benthic macro-invertebrates as highlighted in
the current study coincides with results of other studies in lakes (Donohue and Irvine
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2004), streams (Joshi et al. 2007), wetlands (Euliss et al. 1999; Brooks 2000), and coastal
lagoons (Ponti et al. 2010). Variability among systems and parameters may be termed
diversity or heterogeneity (Seuront and Lagadeuc 1998). Heterogeneity reduces the
ability to make spatial and temporal inferences across multiple spatial scales (Pickett and
Cadenasso 1995). Palmer and Poff (1997) suggest that heterogeneity of patterns and
processes are interrelated (Giller et al. 1994) and are scale dependent. Patterns and
processes, at varying spatial and temporal scales, respond to a multitude of
anthropogenically induced perturbations (Harris 1996). Recreational fishing ponds were
hypothesized to be fairly homogeneous for all variables (invertebrate density and
diversity, Pw concentrations, and C:N) throughout all seasons; however, the results from
the current study have rejected the null hypothesis.
The current study highlighted spatial and temporal variability in invertebrate
density, but only spatial variability in familial diversity. Results highlighted that spring
had the least mean invertebrate density yet displayed the greatest diversity. Gilinsky
(1984) attributed low benthic macro-invertebrate densities in small impoundments in the
spring and summer to high predation by bluegill, as bluegill were more present in the
littoral zone during the prespawn and spawning seasons. These results also could be
attributed to invertebrate life histories because spring can be a time for invertebrate
emergence (Merritt et al. 2008). Conversely, macro-invertebrate diversity also may be
greater in spring due to new growth of macrophytes, which increases habitat structural
complexity, thus providing habitat for organisms that might not normally be there
(Gilinsky 1984; Olson et al. 1995; Krull 1970). Aquatic macrophytes, however, are
typically discouraged in southern ponds, which may explain why this trend was not seen.
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Brönmark (1985) proposed that differences in abundance and diversity of certain
invertebrates could be due pond size, as larger ponds harbored more habitats, therefore,
increasing invertebrate diversity. My study found just the opposite, as pond size was not
an influence on density and diversity. Benthic invertebrates are considered to influence
sediment chemistry and nutrient dynamics (Euliss et al. 1999), especially phosphorus
(Henry and Santos 2008); by breaking down of organic material and increasing soil
porosity through bioturbation, subsequently increasing nutrient release (White 1986).
Seasonal concentrations of immediately bioavailable phosphorus (Pw) in aquatic
sediment are poorly studied. Rudek et al. (1991) suggested that seasonal differences in
nutrient concentrations can be attributed to runoff. In the current study, fall contained the
greatest mean Pw concentrations among all seasons, which was nearly threefold that of
spring concentrations, while having the least water level among all seasons based on
visual observations. Low water levels from drought, high evaporation, and water
drawdowns for pond maintenance, as well as plant senescence and bacteria lyses in the
fall, can alter sediment biogeochemistry, resulting in variable desorption of phosphorus
and other nutrients from sediments upon rewetting (Fox 1977; Klotz and Linn 2001;
Baldwin et al. 2008). This may be the reason why lesser Pw concentrations were seen in
spring.
The C:N ratios of aquatic systems are poorly studied regarding spatial and
temporal dynamics. Throughout the study, low C:N ratios (median < 25) were seen,
resulting in greater N availability as ammonium is released by microbial decomposition
of organic matter (Reddy and Delaune 2008). The youngest pond had the greatest C:N
ratio overall, however, it did not differ significantly from the other ponds. Although
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phosphorus (P) is the limiting nutrient in most ponds, young ponds often are N limited
due to limited organic deposits in the sediment (Shannon and Brezonik 1972; Boyd 1995;
Reddy and DeLaune 2008).
This study examined variability among and changes to sediment nutrients and
benthic macro-invertebrates in recreational fishing pond systems throughout one year
encompassing all seasons. Results, based on the CV (Table 2.2) revealed that all
variables exhibited high degrees of within and among pond variability. Familial
diversity, however, was the only variable that did not display significant temporal
heterogeneity.

Future Considerations
Food chains within aquatic systems can be complex; therefore, predictions can
prove to be problematic (Harris 1996). This study provides a good preliminary data set to
design a study capable of detecting trends among benthic macro-invertebrates and
sediment nutrients in recreational fishing ponds. The approximate power of this analysis
was β = 0.25, which is considerably less than 0.80. To increase detection power, further
studies should determine a statistically appropriate sample size using the sample size
equation presented by Snedecor and Cochran (1989):
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n = Estimated Sample Size
t = t-distribution deviate
CV = Coefficient of variation (SD/mean)
d = Desired difference expressed as a proportion

I collected 176 samples for each variable; the sample size equation recommended
652 samples, which is nearly 4 times the required effort, based on observed sample
variation. Additionally, it is appropriate to look at multiple levels of sampling regimes as
the current project was based on fixed, nonrandom sample sites. A future study should
include random or systematic sampling across depths.
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Table 2.1. Eight study ponds used in comparisons of sediment nutrients and benthic
macro-invertebrate characteristics in Oktibbeha County, Mississippi during 2010 with
corresponding pond age (years) and area (ha).
Pond
Black Jack
Craig
Montgomery
Moore
Shaw
Watkins
Waverly
Wolfe

Age (years)
7
15
12
5
4
5
19
10

Area (ha)
2.8
3.2
2
2.4
1.6
2.4
0.5
1.6
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Table 2.2. Mean, standard deviation (Stdev), and coefficient of variation (CV) for each
variable (invertebrate density, familial diversity, C:N ratio and Pw) among 8 ponds
sampled in Oktibbeha County, Mississippi during 2010 throughout the year. (N = 176
samples for each variable).
Mean

Stdev

CV (%)

Invertebrate
Density
(no. /m2)

Min
Max

184.2
501.1

3.26
11.46

61.5
98.5

Familial
Diversity
(H’)

Min
Max

Mean
0.198
0.688

Stdev
0.272
0.461

CV (%)
67
142

C:N
Ratio

Min
Max

Mean
13.22
37.8

Stdev
2
46.91

CV (%)
13.4
124

Pw (mg g-1)

Min
Max

Mean
66.5
193

Stdev
35.7
215

CV (%)
52
123.9
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Mean Invertebrate Density (no. / m 2)
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Figure 2.1. Mean invertebrate density (no. / m2) per recreational fishing pond in
Oktibbeha County, Mississippi in 2010 relative to pond age and pond area.
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Figure 2.2. Mean invertebrate familial diversity (H’) per recreational fishing pond in
Oktibbeha County, Mississippi in 2010 relative to pond age and pond area.
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Figure 2.3. Mean Pw (mg g-1) concentrations per recreational fishing pond in Oktibbeha
County, Mississippi in 2010 relative to pond age and pond area.
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Figure 2.4. Mean C:N ratios per recreational fishing pond in Oktibbeha County,
Mississippi in 2010 to show trends by pond age and pond area.
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CHAPTER III
EVALUATING YABBY PUMPS TO SAMPLE BENTHIC MACROINVERTEBRATES IN SHALLOW LITTORAL ZONES IN PONDS

Introduction
Quantitatively measuring benthic macro-invertebrates requires use of applicable
sampling devices that provide reliable results (Lenat 1988). A variety of sampling
devices are available to sample benthic macro-invertebrates; however, dredge sampling is
a very common technique. Examples of dredges include the Ekman dredge (Ekman
1911; Downing 1984), the Ponar dredge (Flannagan 1970), and the Peterson dredge
(Downing 1984). The Ekman dredge (Figure 3.1) is the most commonly used sampling
gear in the literature to sample benthic macro-invertebrates (Hudson 1970; Howmiller
1971; Juen et al. 2007). The Ekman dredge is a hinged mechanical sampling device with
a volume of 3,500 cm3 and a surface area of 232 cm2.
All gears have limitations in terms of sampling depth, sampling bottom substrate,
and habitat, as well as dealing with escapement and active avoidance of sampling quarry
(Rabeni 1996). Flannagan (1970) discovered, when he compared the Ekman dredge to a
Ponar dredge, that bottom substrate was an influential variable in sampling effectiveness
because the Ekman dredge was limited to soft substrate. Howmiller (1971) echoes these
findings in his comparison between the Ekman dredge and the Peterson dredge when
sampling on gravel substrate.
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The Yabby pump (Figures 3.1 and 3.2) is a sampling device never before used in
scientific research. The Yabby pump derives its name from its recreational use in
Australia to sample yabbys (Cherax destructor), a small estuarine crustacean used for
fishing bait. The Yabby pump is a cylindrical suction pump with a volume of 1,911 cm3
and a surface area of 18 cm2. The Yabby pump has characteristics lending itself effective
for benthic sampling, namely its light weight, ergonomic design, and ability to penetrate
variable substrates. The main limitations of the Yabby pump are the water column
sampling depth (< 1 m) and the small sampling area (18 cm2). The main objective of this
study was to compare collection efficiency of the Ekman dredge and the Yabby pump
regarding benthic macro-invertebrate numbers and familial richness per sample. I
hypothesized that the Ekman dredge would be a more effective sampling gear for benthic
macro-invertebrates due to its proven sampling efficiency and larger sampling area.

Methods
Eight ponds were evaluated during a 16 month period between 2010 and 2011.
Ponds ranged in size from 0.5 ha to 3.2 ha with mean depths from 1.2 m to 3.0 m. All
ponds were located within 40 km of Starkville, Mississippi (33°27’45”N 88°49’12”W).
These ponds are representative of recreational fishing ponds found within the
southeastern Coastal Plains region.
Samples were collected during January, April, July, and October. A sample was
collected every 100 m in the littoral zone in each of the 8 ponds at approximately 1 m
from shore and < 1 m in water depth. Paired samples using a Yabby pump and an Ekman
dredge were recorded to compare efficiency of each gear. During the first 12 months,
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compared 3 Yabby pulls to 1 Ekman dredge (25% surface area equivalent). The next 4
months of sampling, I compared 12 Yabby pulls to one Ekman dredge (surface area
equivalent). The 2 different sampling strategies for the Yabby pump were used to
compare the Yabby pump at different surface areas against the Ekman dredge. After
each set of pulls or dredge, the sample was sieved in an 80 µm sieve bucket in the field.
The remaining invertebrate sample was placed into a 3.8- L lockable plastic bag and
preserved in 70% ethanol. Samples were analyzed in the laboratory using a Stereomaster
dissecting microscope at 10X magnification. Invertebrate specimens were identified to
the family level using an aquatic insect dichotomous key (Merritt et al. 2008), and
individual taxa were counted. Small sample size of individual taxa, however, precluded
comparisons of species.

Statistical Analysis
A paired t-test (PROC TTEST) (SAS Institute 2008), or the non-parametric
equivalent Wilcoxon signed rank test (PROC UNIVARIATE) (SAS Institute 2008), was
used to assess variation in invertebrate number per sample and raw familial richness per
sample among sampling strategies (i.e., Ekman vs. 3 Yabby, and Ekman vs. 12 Yabby).
Linear regression (PROC REG) was used to determine trends per sample. Significance
was set at α= 0.10 a priori to detect significance for all analyses.

Results
During the first round (i.e., 3 Yabby vs. 1 Ekman) of sampling (N = 176 samples),
there was no statistical difference between the Ekman dredge and the Yabby pump (3
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pull) (Z = 0.707, P = 0.480) when comparing invertebrate numbers per sample (Figure
3.3). During the second round (N = 132 samples) of sampling (i.e., 12 Yabby vs. 1
Ekman) the Ekman dredge sampled significantly more invertebrates per sample than did
the Yabby pump (12 pull) (Z=-1.796, P=0.073) (Figure 3.4). Linear regression results
were comparable for both rounds of sampling with r2 values of 0.592 and 0.593,
respectively.
When raw familial richness (H’) was compared among sampling strategies, there
were no statistical differences between the Ekman dredge and the Yabby pump (3 pull)
(Z=1.644, P = 1.00). Similarly, the second comparison between the Yabby (12 pull) and
the Ekman dredge also did not differ significantly (H = 0.733, P = 0.681). Linear
regression analysis explained less of the variation in richness than in density, with R2
values of 0.371 and 0.390 for both rounds, respectively.

Discussion
The differences between the Yabby pump and the Ekman dredge provides
possible insights into future sampling strategies for benthic macro-invertebrates in the
shallow littoral zone in ponds. There were no statistical differences between the Ekman
dredge and the Yabby pump (3 pulls); however, mean number of macro-invertebrates
collected (9.2 invertebrates) with the Ekman dredge per sample was statistically greater
than number collected (8.6 invertebrates) with equivalent surface area Yabby pump pulls
(12). This anomaly could be attributed to the spatial and temporal heterogeneity that
benthic macro-invertebrates tend to show in ponds (O’Toole et al. 2008). Another
possible reason could be gear saturation (Durak and Schwarz 2001), especially with the
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Yabby pump (12 pull) as it takes multiple samples per site. Gear saturation, however, is
more likely to occur with passive gears more than active gears (Breen and Ruetz 2006).
Gear saturation is common when using an active gear, consequently resulting in a
presence/absence situation, especially when using fixed, nonrandom sample locations.
Using fixed sample locations, number of invertebrates will gradually decrease and reach
an asymptotic maximum at each location (Fogarty and Addison 1997).
Sampling methods should be chosen to provide reliable data within fiscal and
logistical confines of the study (Rabeni 1996). There are a few reasons why the Yabby
pump could serve as alternative to the Ekman dredge for shallow littoral zone macroinvertebrate sampling: 1.) It is cheaper, as average cost of a Yabby pump is $40.00
compared to $545.00 for the Ekman dredge, and 2.) The Yabby pump is lighter weighing
2.72 kg, whereas the Ekman dredge weighs approximately 6.00 kg. Based on
observation, the Yabby pump did not show limitations while sampling in vegetated areas,
which is an observed limitation of the Ekman dredge in past studies (Howmiller 1971;
Fredrickson and Reid 1988). Caution should be used when choosing the Yabby pump as
a sampling tool because it needs further testing on different substrates and in various
aquatic systems and further verification against other benthic sampling gears.

Future Considerations
The results of this study contribute evidence to a growing body of literature on
macro-invertebrate sampling. This research suggests that the Yabby pump may be a
possible option for sampling in the shallow littoral zone for benthic macro-invertebrates
in ponds, and resource managers should consider using the Yabby pump as a sampling
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gear. The results of this study also highlight the importance of examining gear
comparisons at multiple levels of analysis. It also should be emphasized that this current
study had a β of 0.214.
In this study I found that the Yabby pump (3 pulls) was possibly more effective
than the Ekman dredge, yet when sampling with equivalent surface areas, the Ekman
dredge outperformed the Yabby pump (12 pulls). Without careful, further
experimentation, the results of this study could cause future researchers to erroneously
determine that the Yabby pump (3 pulls) is the optimum sampling tool for benthic macroinvertebrates. Future research, however, is needed to quantify the most favorable
sampling strategy for the Yabby pump (i.e., how many pulls). In addition, a more robust,
simultaneous comparison should be made between the different strategies to include a
larger sample size of invertebrates, as well as to identify potential limitations of the gear
(Livings et al. 2010). Future studies should determine a statistically appropriate sample
size using the sample size equation presented by Snedecor and Cochran (1989):

n = Estimated Sample Size
t = t-distribution deviate
CV = The coefficient of variation (SD/mean)
d = Desired difference expressed as a proportion
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The first round of the current study collected 44 samples per season for each gear
type, resulting in 176. Sample size calculations using the observed variation suggested
that future studies should collect 163 samples per season, resulting in 652 samples for
each gear type. The second round of sampling with equivalent surface areas collected
132 samples, but future studies should sample 489 times (163 per season), providing a
more robust and statistically powerful comparison. Future research also should look to
random sampling rather than nonrandom fixed site sampling to reduce sampling bias due
to the spatial and temporal heterogeneity of macro-invertebrates.
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Figure 3.1. A side by side visual comparison of the Yabby pump and the Ekman dredge,
highlighting differences in construction, size, and sampling mechanisms.
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Figure 3.2. The Yabby pump has an ergonomic design, however, is limited to shallow
depths (< 1 m). In this photo you can see the sediment being pulled up into the pump by
suction created by pulling the center core and washers through the top of the tube.
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Figure 3.3. Scatter plot depicting invertebrate numbers between the Ekman dredge and
the Yabby pump (3 pulls) by site from 8 recreational fishing ponds in Oktibbeha County,
Mississippi during the first 12 months of sampling (N = 176).
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Figure 3.4. Scatter plot depicting invertebrate numbers between the Ekman dredge and
the Yabby pump (12 pulls) by site from 8 recreational fishing ponds in Oktibbeha
County, Mississippi during the last 4 months of sampling (N = 132 samples).
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CHAPTER IV
SYNTHESIS

The overall objective of my study was to identify spatial and temporal trends of
sediment nutrients and benthic macro-invertebrates in small impoundments while
comparing 2 sampling gears, the Ekman dredge and the Yabby pump. The first objective
aimed to elucidate the spatial variability and temporal heterogeneity of aquatic patterns,
especially between benthic macro-invertebrates and sediment nutrients, in small
recreational fishing ponds in Oktibbeha County, Mississippi. Knowledge of how these
spatial and temporal pathways work, could provide valuable insight to pond management
through a holistic ecosystem approach.
The current study observed spatial and temporal variation along a lateral scale in
the shallow littoral zone, which may make these areas more prone to sudden, short lived
disturbances. Anthropogenic factors such as improper application of fertilizers and
pesticides could alter the biogeochemistry of recreational fishing ponds (Masters et al.
2008). Consequently, future studies in Mississippi could use this study as an operational
framework for future investigations involving sediment nutrients and benthic macroinvertebrates. Future analysis should conduct a sample size estimation based off of
preliminary data to assure appropriate sample size, allowing for a more statistically
powerful study.
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The second objective compared two sampling gears for benthic macroinvertebrates; one was a traditional gear (Ekman dredge) whereas the other was a Yabby
pump. This is the first time that the Yabby pump has been used in a scientific manner.
Knowing the limitations and effort required for a sampling gear is important, especially
when sampling for benthic macro-invertebrates, as they often require substantial
sampling effort because they exhibit significant heterogeneous distributions in the littoral
zone (Sherfy et al. 2000). The Yabby pump could serve as an attractive surrogate to the
Ekman dredge for shallow littoral zone macro-invertebrate sampling for ecological and
logistical reasons. It is cheaper, as the average cost of a Yabby pump is $40.00,
compared to $545.00 for the Ekman dredge. The Yabby pump also is logistically easier
to manipulate, including weight (2.72 kg vs. 6.00 kg), ease of sampling (pull vs. dredge),
and is ergonomic. For this objective, 2 different sampling strategies for the Yabby pump
(3 pulls and 12 pulls) were compared to the Ekman dredge. The Ekman did not differ
significantly from the 2 Yabby pump sampling strategies, highlighting the need to know
the efficiency and effort required for each gear. Future research should be conducted for
the Yabby pump to find the optimum sampling effort (# of pulls), and to compare against
other traditional gears (core sampler, stovepipe, D-net), with varying habitat complexity.
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APPENDIX A
TOTAL NUMBER OF INVERTEBRATES COLLECTED IN EIGHT
RECREATIONAL FISHING PONDS IN OKTIBBEHA COUNTY,
MISSISSIPPI IN 2010 (BJ-BLACK JACK POND, CG- CRAIG
POND, MT-MONTGOMERY POND, MO-MOORE POND,
SH-SHAW POND, WK- WATKINS POND, WVWAVERLY POND, WF- WOLFE POND).
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Invertebrate
Phylum/Class/Order

Pond
Family

BJ
n=28

Total
CG
n=32

Amphipoda

MT
n=20

MO
n=24

SH
n=16

WK
n=24

WV
n=16

WF
n=16

2
24

Annelida
Bivalvia

5

Gastropoda

20

24

1

12

12

38

n= 176
2

11

23

8

15

125
13

23

5

1

1
3

84
4

Ephemeroptera

Caenidae

Ephemeroptera

Ephemerellidae

Ephemeroptera

Leptophlebiidae

Odonata

Aeshnidae

3

2

5

Odonata

Cordulegastridae

1

2

3

Odonata

Gomphidae

Odonata

Libellulidae

1

Plecoptera

Capniidae

1

Plecoptera

Leuctridae

Hemiptera

Belostomatidae

1

Coleoptera

Dytiscidae

1

Coleoptera

Gyrinidae

Trichoptera

Hydropsychidae

Lepidoptera

Pyralidae

Diptera

Ceratopogonidae

Diptera

Chironomidae

Diptera

Culicidae

Diptera

Simuliidae

1

1

1

3

1

1

1
2

2

1

1

2
2

1
1

1
1

1

2
1
1

169

7

2

11

1

56

125

130

75

1
21

100

83

839

1

1

1

1

Total

135

202

144

169

173

84

111

103

Mean Density (no. / m-2)

207.8

289.4

316.8

308.9

501.1

184.2

304.3

280.2

Mean Familial Diversity (H’)

0.422

0.469

0.688

0.517

0.467

0.409

0.250

0.239
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1
1

1

101

8

1121

APPENDIX B
SEDIMENT NUTRIENT (PW, AND C:N) MEAN AND STANDARD DEVIATION
(SD) FOR EACH POND SAMPLED IN OKTIBBEHA COUNTY, MISSISSIPPI
IN 2010 BY SEASON (BJ-BLACK JACK POND, CG-CRAIG POND, MTMONTGOMERY POND, MO-MOORE POND, SH-SHAW
POND, WK-WATKINS POND, WV-WAVERLY POND
WF-WOLFE POND).
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Winter
Pond
BJ

CG

MT

MO

SH

WK

WV

WF

Mean

12.40

13.53

17.10

15.03

39.43

15.22

16.65

14.08

SD

0.63

2.09

9.78

1.17

50.34

1.80

3.73

1.36

Mean

324.0

170.50

124.60

233.83

71.25

43.33

235.50

151.25

SD

342.1

91.79

130.66

23.50

27.83

16.13

215.13

57.34

C:N

Pw
(mg g-1)

Spring
Pond
BJ

CG

MT

MO

SH

WK

WV

WF

Mean

17.24

17.10

27.18

19.10

16.18

17.58

21.35

15.30

SD

3.35

2.99

23.65

4.22

2.83

3.57

4.85

2.40

Mean

164.43

35.86

158.60

101.33

35.0

37.67

25.50

63.25

SD

198.17

34.35

160.44

117.06

26.82

3.56

18.84

74.37

C:N

Pw
(mg g-1)
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Summer
Pond
BJ

CG

MT

MO

SH

WK

WV

WF

Mean

10.37

13.70

11.98

15.63

15.33

14.12

17.15

14.18

SD

2.24

3.64

2.10

3.11

3.97

4.33

7.02

2.79

Mean

78.43

106.0

114.20

200.67

62.50

75.83

102.50

74.50

SD

52.51

44.87

107.60

113.77

31.50

28.53

40.42

28.63

C:N

Pw
(mg g-1)

Fall
Pond
BJ

CG

MT

MO

SH

WK

WV

WF

Mean

12.86

19.36

17.25

18.75

80.23

13.68

17.90

16.10

SD

2.35

4.73

3.90

2.86

68.87

2.69

6.54

0.90

Mean

127.3

145.50

374.6

144.0

112.25

109.17

96.75

130.75

SD

98.80

48.72

178.5

22.37

15.22

29.23

42.03

57.15

C:N

Pw
(mg g-1)
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